Abstract. Based on the approach of Stochastic Frontier Analysis and adopting the model of Trans-long Production Function, using the panel data of 25 manufacturing industries from 2009 to 2015 in China, this paper measures the technology innovation efficiency and analyzes influence factors of domestic enterprises. The results show that there is technological innovation inefficiency in domestic enterprises of manufacturing during 2009 to 2015. In terms of the factors that influence technology innovation efficiency, enterprise scale, market structure, technology acquisition and retrofit costs have positive effects on technology innovation efficiency, while export-oriented degree have negative and profitability has no significant effect on technological efficiency.
Introduction
The manufacturing industry is the foundation of the country, rejuvenation of the device, the foundation of great power. At present, China's total manufacturing industry ranks first in the world, and the manufacturing sector accounts for more than 30% of the proportion of GDP. However, the level of technological innovation in China's manufacturing industry is still far behind the developed countries. The extensive development mode which relies on the labor force and natural resources makes the added value of China's manufacturing industry very low and international competitiveness lacks. "Made in China 2025" pointed out that the deep fusion of the new generation of information technology and the manufacturing industry is causing far-reaching changes in the industry and comes into being a new mode of production, industrial form, business model and economic growth point [1] . In this background, in order to improve international competitiveness of China's manufacturing industry, it's necessary to promote the development of manufacturing technology innovation and enhance the manufacturing technology innovation ability. In this context, it is of great realistic significance to study the efficiency and its influencing factors of Chinese manufacturing technology innovation.
Technology innovation efficiency (for short TIE), first proposed by Afriat (1972), refers to the technical efficiency of R&D innovation activities. At present, there are two main methods to measure the efficiency of technological innovation: one is the parameter method, such as the stochastic frontier analysis (SFA), which is come up by Aigner (1997) etc [2] . Some scholars such as Wen X，Gaobang L (2014) [3] , and Zedong N, Qianxiao Z (2012) [4] etc. used this method to measure the technology innovation efficiency. The other is a non parametric method, such as data envelopment analysis (DEA) come up by Chames (1978) [5] . Wang Hailong (2016), Liu Yingchun (2016) etc. used this method to measure the technology innovation efficiency. In comparison, the SFA method is more robust than the DEA method, and can be used to determine the usefulness of the model in terms of various statistical tests. So this paper uses the SFA analysis method. (1), y represents output variables, x represents input variables, i represents different industries in manufacturing, t represents time, βrepresents parameters to be estimated, (v it -u it ) represents composite disturbance, v it and u it are independent of each other. v it represents random error term and u it is technical error term.
Model
The expression of technology innovation efficiency TE it is as below:
In the Eq. (2), when 0 it u > , 1 it TE < , indicating that there are technical efficiency in the production activity in the manufacturing industries. This paper uses trans-log production function of stochastic frontier approach:
In the Eq. (3), Y, RD, RDP respectively new products' sales income, R&D capital investment and R&D personnel investment. i represents different industries and t represents different years. β 0 is constant term and βis vector to be estimated. (V it -U it ) represents stochastic error term of the model.
Variables Selection. This paper focuses on some factors' impact on technology inefficiency, these factors including market structure, export orientation, enterprise scale, technology acquisition and modification and enterprises' profitability. So the inefficiency function is established as follows:
In the Eq.(4), λ 0 represents constants to be estimated, SCALE, MS, EXPORT, TECH, PROFIT respectively represent enterprise scale, market structure, export orientation, technology acquisition and modification, enterprises' profitability. λ 1 , λ 2 , λ 3 , λ 4 , λ 5 respectively represents the coefficients of the above five variables. ε it is the stochastic error term and obey the normal distribution N（0， (2) Innovation R&D capital input (RD). This paper uses perpetual inventory method, and the calculation Eq. is as follows:
In Eq. ， and g is the average annual growth rate of E . The depreciation rate of R&D capital is set to 15%, which referred to the processing method of Yanbing W and Zengyu M (2008) [7] . In the case of building R&D price index, according to the National Bureau of Statistics and Ministry of Science and Technology, the spending on labor cost and equipment cost is basically the same in 2009-2015. In view of this, the fixed asset investment price index and the consumer price index give the same weighting to 0.5, and R&D price index (PI) is the average of the two, that is, ( ) 2
In Eq. (6), F is the fixed asset investment price index and C is the consumer price index. (3) Innovation R&D personnel input (RDP). The total amount of equivalent (human year) of R&D personnel is used to measure R&D personnel investment.
Factors affecting the technology innovation efficiency include: (1) Enterprise Scale (SCALE). This article uses the average enterprise scale of various industries, and measures the size of manufacturing enterprises by the amount of industrial sales divided by the number of enterprises. (2) Market structure (MS). The HHI index is typically used to measure market structure. But because there is no data available in manufacturing, this article uses the number of companies in each industry to approximate the level of competition. (3) Export (EXPORT). This study uses the proportion of export value of total output value to measure the influence of export-oriented factors on different industries in manufacturing. (4) Technology acquisition and modification (TECH). The variable is the sum of the four expenditures: expenditure of technology import, expenditure of digestion & absorption of the introduced technologies, expenditure of purchasing domestic technology and expenditure of technology reform. (5) Profitability (PROFIT). Some scholars' research showed that the improvement of the industry profitability could help to improve the use efficiency of industry resources and could make industry resources to generate economies of scale, so as to promote the technology innovation efficiency of the whole industry.
Empirical Analysis Results
After measuring technology innovation efficiency in domestic manufacturing enterprises (We don't list specific data here owing to space reasons), this article analyzes the influence factors of technology innovation efficiency. The following regression results are obtained, see Table 1 : Log likelihood function value -42.1543 Note: The positive coefficients mean that the variable has a negative effect on the efficiency of technological innovation; the negative coefficients mean that the variable has a positive effect on the efficiency of technological innovation. ***, **, * is respectively marked by a significant percentage of 1 percent, 5 percent and 10 percent.
By analyzing the return results of table 1, the following conclusions can be drawn:
(1) The output elasticity analysis of R&D input. The result indicates that R&D capital input is even more important for the promotion of technology innovation efficiency than R&D personnel input. (2) The impact of SCALE. This suggests that the larger the manufacturing enterprises, the higher the efficiency of technology innovation. 
Conclusions and Policy Meaning
Based on the stochastic frontier analysis method, this paper measures the technology innovation efficiency of domestic enterprises in manufacturing and analyzes its influence factors. The basic conclusions are the followings: (1) From 2009 to 2015, there is technology inefficiency in domestic enterprises in manufacturing industry. On the whole, the real technology innovation efficiency is only 60% to 70% of the maximum possible level of technology innovation efficiency. (2) In terms of the factors that influence technology innovation efficiency, enterprise scale, market structure, technology acquisition and retrofit costs have positive effects on technology innovation efficiency, while export-oriented degree have negative and profitability has no significant effect on technological efficiency.
Research conclusion of this paper is of important significance on how to improve technology innovation efficiency in domestic enterprises of manufacturing. First, we should increase investment in research and development of domestic enterprises, and also pay more attention to the efficiency of research and development funds. Second, we should broaden the financing channels for middle and small-sized enterprises. Third, we should raise the cost of technology acquisition and transformation. Fourth, we should optimize the export structure of manufacturing. We will guide enterprises to develop industries with higher technology intensity, thus reducing the export proportion of labor-intensive, resource-intensive and low-technology-intensive products.
